AbSTRACT
INTROdUCTION
From a fire protection point of view, the protected escape route type A p is defined in regulation No. 94/2004 code [1] . The protected escape route type A p (next P.E.R. A p ) is a route which leads towards a building exit to the outdoors or to a space which is not endangered by fire; it is separated by fire resistant constructions and fire shutters from other fire compartments; it is ventilated and enables the safe movement of people.
The protected escape route type A p has to enable the safe escape of people in a maximum 6 minutes if there is only one P.E.R. in the building, 10 minutes if there are more P.E.R.s in the building.
It is possible to use a protected escape route type A p for buildings with a maximum fire height of 22.5 meters. For a block of flats, at a minimum construction height for 2.8 meters of a flat and with a construction ceiling thickness (including the floor) of 210 millimetres, it is possible to make even 9 aboveground storeys. The requirements for the natural ventilation of protected escape route type A p are stated in annex No. 7 of regulation No. 94/2004 code [1] . This contribution deals only with the ventilation of protected escape route type A p by an air outlet opening (2 m 2 window) at the highest point of a protected escape route and by an air inlet opening on the lowest point of the aboveground part -(2 m 2 ) the entrance door to a block of flats.
SMOKE pENETRATION INTO pROTECTEd
ESCApE ROUTE TYpE A p Permanent fire loads in protected escape routes can only consist of combustible materials in window constructions, door constructions, floor constructions and handle constructions. All the other materials have to be non-combustible in reaction to fire class A2-s1, d0. These construction characteristics state that direct burning cannot be situated in a protected escape route because of a fuel deficiency -combustion matter is missing. That does not mean that smoke can spread to this place. On the contrary, as a consequence of the evacuation of people, the entrance door from the surrounding sites of a protected escape route (flats, but especially non-flat places) are the main sites of smoke penetration. Penetration is also possible through construction defects and defects which are caused by the heat, which the fire shutter (the entrance door to a P.E.R. A p ) endangers.
The ways smoke penetrates into a protected escape route ( Figure  2 ) include: a) an unclosed fire door (door without a closing device), b) a flat door that is not fire resistant, c) penetration on a floor (if the door does not have a doorsill or the door does not shut properly at a doorsill), d) penetration through slits between the door and doorframe, e) penetration through slits between the door and doorframe because of the deformation of the door by fire, f) unsuitable construction and improper installation of the door and doorframe into a fire wall.
SIMULATION OF NATURAL VENTILATION OF pROTECTEd ESCApE ROUTE TYpE A p dURING THE FIRE IN A bLOCK OF FLATS.
Simulation of combustion and smoke movement is simulated by D. The window located at the highest place of the stairway will be opened (by the automatic smoke detector, which is located under the ceiling of the 3rd aboveground floor -it is the same situation as a stairway which was equipped with smoke detectors on uneven storeys -1st storey, 3rd storey, 5th storey, 7th storey, 9th storey).
Monitored sites
A monitored site is a point at a height of 1 meter from the floor (approximately 1 meter = the height of a bent person, who is trying to escape through the smoke; it is also the approximate height of a door handle). The characteristics of the smoke (CO, CO 2 , O 2 , temperature, visibility) were monitored at these sites. Exits from the flats (on uneven storeys) are determined as monitored sites in a building. 1. 2 nd aboveground, room of fire (at the door to the stairway), 2. 3 rd aboveground, at the axis of the door of the flat, 3. 5 th aboveground, at the axis of the door of the flat, 4. 7 th aboveground, at the axis of the door of the flat, 5. 9 th aboveground, at the axis of the door of the flat.
description of course of simulation
During a fire thick smoke is produced at the site of a fire (flat on 2 nd floor aboveground), and the temperature is increasing. The window glass bursts in 132 s as a consequence of the stated facts. The smoke leaks to the exterior across such a damaged window. At the same time fresh air comes to the site of the fire. The room that is on fire is full of smoke approximately at 53 s. At 302 s the room that is on fire reaches a critical concentration of CO, and the concentration of As a consequence of the door opening from the site of the fire to the stairway, the progressive penetration of the smoke and temperature to the stairway increases. The heat from the fire radiates to the stairway, but is cooling down to the critical temperature under a limit of 149°C by the fresh air, which is leaking through the entry door to the building. As a consequence of the closed window, the stairway is progressively filling with smoke. Smoke and dangerous gases move towards the ceiling of the stairway. In the stairway, the concentration of CO and CO 2 progressively increases; the concentration of O 2 decreases and also the visibility decreases. The limits of CO, CO 2 and O 2 are not reached, because of the opening of the window, which is located at the highest point of the stairway at 132 s (2:12 min) -due to the smoke detector (under the ceiling of the 3rd storey aboveground) -the rarefaction of the gases arises as a consequence of the chimney effect. The storeys from the 3rd floor aboveground to the 9th floor aboveground are not endangered by the dangerous temperature. By its flowing, the chimney effect causes a more rapid movement of smoke towards the higher storeys. The whole smoke formation of the stairway is approximately at 158 s, and the visibility gradually decreases. The speedy opening of the highest located window accelerates the formation of the smoke in the sites but does not sufficiently improve the visibility of the smoke in the stairway.
CONCLUSION
Not only the texture of the smoke but also the movement of smoke at the sites of the escape routes are less explored problems of fire protection at present. The production and spreading of smoke are very variable. This not only depends on the site of the fire`s origin and then possibility of its spreading, but also on the dispositional, functional, architectonic and construction solutions of a burning room, group of rooms or a whole building. The simulated model of the fire and subsequent smoke formation in the stairway in a block of flats with 9 aboveground storeys is compiled according to the construction-typological and legislative requirements for P.E.R. A p , where the movement of smoke at the site of a stairway is followed. The legislative attitude towards ventilation of a protected escape route type A p is inadequate at present. During a fire air holes of a protected escape route type A p are opened, but natural ventilation does not ensure better visibility by its chimney effect, because the smoke penetration into the stairway is increasing. Therefore, the stairway of a protected escape route type A p is not usable and dangerous for the evacuation of people. A protected escape route type A p becomes a dangerous place -the route loses its main protective and safety functions.
